3+ complex are prepared by the internal phase separation of poly(methylmethacrylate) (PMMA) within the droplets of oil/water nano-emulsion. The nanocapsules give bright red emission excited by UV irradiation and possess stable fluorescence properties. Their fluorescence intensity is primarily influenced by the emulsifier concentration. It is significant that the fluorescence of the nanocapsules is nearly pH-independent and can be kept for a long time in a wide pH range. In contrast, the fluorescence of Eu 3+ complex is easily quenched in acidic or alkalic medium. The mean nanocapsule size is tunable with the concentration and the mode of emulsifier addition. As soft templates, oil cores have potential applications for the incorporation of functional components or drugs.
Introduction
The unique photophysical properties of rare earth (RE) ions and complexes in solution have been studied for several decades because of their potential applications in photonics. Particularly RE organic complexes are typical emissive materials in the visible and infrared region for display and photonic communication application, respectively [1] . They have excellent fluorescence properties and exhibit sharp emission band due to the shielded inner 4f electronic transitions of the RE ions. The fluorescence of these materials is obtained via an effective intramolecular energy transfer from the ligands to the metal ions and the upper limit of inner quantum efficiency can reach 100% [2] . Recently RE complexes have been used as biological probe to label biomolecular structures for their high fluorescence and little toxicity. Furthermore, some RE complexes have proven their catalysis and initiating activity for polymerization of monomers [3, 4] .
However, the fluorescence of RE complexes is sensitive to acidic and basic environments and will be heavily quenched in those cases. So, it is necessary to preserve the fluorescence of RE complexes by virtue of a proper system. For this purpose, the microcapsules are considered as ideal carriers. In general, there are two approaches dominating microcapsulation field. Chemical approach, such as in situ polymerization [5, 6] , interfacial polymerization [7] [8] [9] [10] and emulsion polymerization [11] have been reported for preparation of microcapsules. However, it is difficult to avoid the retainment of a small amount of un-reacted monomer in the microcapsules, which will cause toxicity or odor problems. On the other hand, physical approach does not need to perform a complicated reaction and is easy to control the microcapsule morphologies compared with chemical approach. Thus, it has been employed widely to fabricate microcapsules, for example, coacervation [12] [13] [14] , double emulsion/solvent evaporation [15] [16] [17] , solvent exchange [18, 19] , solute co-diffusion [20] [21] [22] , layer-by-layer self-assembly [23] [24] [25] and so on. However, in these methods there still exist such disadvantages as lack of uniformity of the shell thickness, low encapsulation efficiency and exceedingly time-consuming. Vincent et al. [26, 27] have developed a phase separation method to produce oil-core microcapsules. The microcapsule morphologies depend strongly on the nature of non-solvent and the employed emulsifier [26] . Moreover, the shell thickness and the shell integrity of the microcapsules are controllable. If required, cross-linked polymer shell can be achieved. The parameters have been showed to govern the release of a model active ingredient [27] . A recent innovation for this method is to use the "inverse" of the strategy for the microcapsules with aqueous cores [28] . To our knowledge, the research on endowing the microcapsules with functional properties has not been carried out grounded on this method.
In this paper, we demonstrate the encapsulation of RE complex Eu(TTA) 3 Phen into Poly(methylmethacrylate) (PMMA) nanocapsules via the facile internal phase separation. By using sorbitan monooleate (Span80) and POE (20) sorbitan monooleate (Tween80) as emulsifiers, the fluorescence of Eu 3+ complex is preserved well. The resulting nanocapsules give bright red emission and possess stable fluorescence properties. The fluorescence intensity of the nanocapsules presents obvious enhancement tendency with a decrease in the Span80 concentration or an increase in the Tween80 concentration. Compared with Eu 3+ complex, the nanocapsules are afforded an excellent pH-independent fluorescence owing to the guard of PMMA shell. Furthermore, the average nanocapsule size is tunable with the changes in the concentration and the addition mode of the emulsifiers. Thanks to excellent biocompatibility of PMMA [29] , the fluorescent nanocapsules will find applications in the biomedical field such as biology labelling and controlled release of drug.
Results and Discussion

Determination of emulsifiers and coemulsifiers
It is well known that the emulsifier plays a key role when the emulsion is prepared. The emulsifier molecules are adsorbed at oil-water interface and form a membrane to impede the aggregation of the dispersed drops.
In current study, two criterions must be met for the chosen emulsifier in order to obtain fluorescent nanocapsules. Firstly, it is important that the influence of the pH value of the emulsifier solution on the fluorescence of Eu 3+ complex. Although poly(methacrylic acid) (PMAA) is a satisfactory emulsifier in Loxley's work [24] , the pH value of its solution with appropriate concentration almost reaches 4 and that will seriously quench the fluorescence of Eu 3+ complex. For comparison, oil-soluble Span80 and water-soluble Tween80 are both nonionic surfactants and the pH values of their solutions are nearly neutral. Experimental phenomena show that the resulting emulsions have strong fluorescence when they are used as emulsifiers. It is suggested that the two emulsifiers slightly affect on the fluorescence properties of Eu 3+ complex.
Secondly, the formation of stable nano-emulsion is not negligible. As we know, the combination of two emulsifiers can form compound membrane at oil-water interface, which has better mechanical strength and screen effect compared with that of the single membrane. In this case, the coalescence of the droplets will be avoided. In fact, the prepared nano-emulsion is indeed stable by the cooperation of Span80 and Tween80, and the phase separation will not appear for a long time. So Span80 and Tween80 are suitable emulsifiers in this study.
In order to produce nanoscale capsules, coemulsifier is required because it can reduce the interfacial tension of the system. Many solvents, such as acetone, alcohol with short chain, tetrahydrofuran and methyl acetate, can be used as coemulsifiers. Considering the emulsifying effect, alcohol and acetone are outstanding among them. Herein, acetone is employed because the emulsion has stronger fluorescence in the system containing acetone than alcohol. Not to make the emulsion droplet size be impacted after solvent evaporation, 25% (v/v) of methyl ethyl ketone substitutes for acetone [30] .
Fluorescent nanocapsules
SEM image of PMMA nanocapsules is shown in Fig. 1 . It is clear that the spherical nanocapsules with a mean size of 205 nm, ranging from 79 nm to 370 nm in diameter, have smooth surface. The nanocapsules disperse well and there is no aggregation. On the other hand, microscale capsules with broad size distributions are fabricated by decreasing the amount of the emulsifiers and the shear speed. Coarse capsules, produced at a shear speed of 500 rpm, 1.4 wt.-% of Span80, 2.5 wt.-% of Tween80 and 10 mL of acetone, have a low amount of agglomeration. From TEM images of the PMMA microcapsules, it is seen that the interior and the shell of the capsules present good contrast (Fig. 2a) . The ultrathin cross sections of the capsules powerfully confirm their oil core-polymer shell structure (Fig. 2b) . Fluorescence microscopic images show that the microcapsules present bright red light emission (Fig. 3) . As for the microcapsule shell, it has stronger fluorescence than the interior possibly aroused by the edge effect. The obtained nanocapsules indicate stable fluorescence properties. Though an evident change in fluorescence spectra can be observed when the nanocapsules are stored for six months under day light; fluorescence intensity of the nanocapsules is still sharp. Their fluorescence is also visible even if the samples with faint fluorescence intensity originally are excited by an ultraviolet lamp. 
Influence of the emulsifier concentrations on fluorescence intensity
The fluorescence spectra are presented in Fig. 4 . We can see that the fluorescent nanocapsules give emission peaks at 612 nm, which is exactly corresponding to the fluorescence peak position of Eu 3+ complex. In addition, fluorescence intensity of the nanocapsules presents different regular change with the concentration of the two emulsifiers. While 4 wt.-% of Tween80 by the weight of the aqueous phase remains constant and Span80 concentration ranges from 1.4, 2.75, 5.36 to 10.18 wt.-% by the weight of the organic phase, the fluorescence intensity of the nanocapsules is found to decrease (Fig. 4a) . Whereas when Span80 concentration is fixed to 2.75 wt.-% and Tween80 concentration varies from 1 to 4 wt.-%, an enhancement tendency is found in fluorescence intensity of the nanocapsules (Fig. 4b) . UV-vis absorption spectra (Fig. 5) illustrate the absorbance shoulder at 342 nm is caused by the absorption of ligands of Eu 3+ complex and reveal consistent rules in absorption intensity with those in fluorescence spectra. The reason for the influence of the Span80 concentration on fluorescence intensity may be that, partial Eu 3+ complex are dissolved in the Span80 which are adsorbed at the surface of the oil droplets directly, and the Tween80 molecules are attached to the external surface of the droplets and cooperate with the Span80 molecules to form compound membrane. The amount of Eu 3+ complex in Span80 increases with an increase in Span80 concentration. In this case, the content of the encapsulated Eu 3+ complex is decreased, leading to the production of the nanocapsules with low fluorescence intensity. To testify the hypothesis, methanol is used to precipitate the nanocapsules completely and the supernatant fluid is detected to be luminescent by fluorescence spectra. In the case of Tween80, we think the operation between the Span80 and Tween80 molecules has some effect on the solubility of Eu 3+ complex in Span80. 
Factors influencing the nanocapsule size
The emulsifier concentrations are important parameters influencing nanocapsule size. As shown in Fig. 6 , with an increase in Span80 or Tween80 concentration, more emulsifier molecules are adsorbed at the oil-water interface and the interfacial tension of the system is reduced, leading to the creation of the nanocapsules with small size. For example, as 4 wt.-% of Tween80 is maintained immovable, the average size of the nanocapsules decreases from about 246 nm to 125 nm with an increase in Span80 concentration from 1.4 to 10.18 wt.-% (Fig. 6a) . However, if the Span80 concentration is as low as 0.7 wt.-%, some coagulation occurs and a significant number (6.4%) of capsules with an average diameter of about 863 nm is obtained. When 2.75 wt.-% of Span80 is used and the Tween80 concentration is varied from 1 to 4 wt.-%, the average nanocapsule size will decrease from about 306 nm to 195 nm (Fig. 6b) . Similarly, if the Tween80 concentration is below 1 wt.-%, the coagulation emerges. Furthermore, the nanocapsule size depends on the addition mode of the emulsifiers. Smaller nanocapsules can be prepared with Span80 and Tween80 in oil phase simultaneously than Span80 in oil phase and Tween80 in aqueous phase before emulsification (Fig. 6a) . 
Effect of the pH value on the fluorescence properties of the nanocapsules
Eu
3+ complex has excellent fluorescence properties. However, their fluorescence will be heavily quenched in acidic or basic mediums. The use of PMMA as a shield is expected to improve the fluorescence stability of the Eu 3+ complex against the surrounding environment. The experimental results indicated that fluorescence of Eu 3+ complex is easily quenched in acidic medium and only preserved for 18 h in alkalic medium (Fig. 7) . In contrast, the fluorescence of the nanocapsules is nearly pH-independent over a pH range of 3 to 14, with little intensity loss being observed after the nanocapsules are dispersed for 2 h. At the same time, it decreases slowly with time. After 198 h, above 30% fluorescence intensity of the nanocapsules is still kept. Fluorescence of all the samples does not die out until ~298 h. In addition, it is noted that alkalescent environment is in favour of stabilizing the fluorescence of both the nanocapsules and Eu 3+ complex. 
Conclusions
Eu 3+ complex has been successfully incorporated in PMMA nanocapsules by means of internal phase separation. The emulsifiers are critical to preserve the fluorescence of Eu 3+ complex. The resulting nanocapsules possess stable fluorescence properties. Their fluorescence intensity can be improved by reducing the Span80 concentration and increasing the Tween80 concentration. Significantly, the fluorescence of the nanocapsules has improved stability against acidic or alkalic environment. It is nearly pH-independent and can be kept for a long time over a pH range of 3 to 14. The mean nanocapsules size is tunable and ranges from 125 nm to 346 nm. These highly fluorescent nanocapsules will have good potential as fluorescent probe in biological detection and diagnostics because of their chemical stability.
Experimental Part
Preparation of nanocapsules
The preparation process for the nanocapsules is as follows: Hexadecane (0.8 mL) was added to 10 mL of dichloromethane dissolving 4.6 mg of Eu(TTA) 3 Phen complex (synthesized as method described in the literature [31] ) and 0.3 g of PMMA. Span80 (0.1-1.6 g) and Tween80 (0.8-3.2 g) were dissolved in a mixture of acetone (30 mL) and methyl ethyl ketone (10 mL) used as coemulsifiers. The above two organic solutions were mixed and slowly added into 80 mL of sheared deionized water which was placed in a 250 mL jacketed glass vessel and thermostated at 20 o C. Shearing speed was maintained at 1000 rpm for 2 h to form stable nano-emulsion, and then the emulsion was rotary evaporated under vacuum with the temperature ramp from 20 to 60 o C and maintained at 60 o C for 40 min. The products were collected by highspeed centrifugation and dried in an oven at 40 o C. Then they were cleaned with cyclohexane by ultrasonification for 20 min and centrifugated, with four times. The dried samples were redispersed in water to investigate their morphologies and size distributions.
Characterization
Scanning electron microscope (SEM) images were obtained on a JEOL JSM-6700F operating at an acceleration voltage of 3 kV. Transmission electron microscope (TEM) image was obtained on a JEOL-2010 operating at an acceleration voltage of 200 kV. The ultrathin cross sections of the samples were observed on a JEM-1200EX transmission electron microscope with an acceleration voltage of 80 kV. Fluorescence microscopy was carried out using an Olymopus BX51 microscope. Fluorescence measurements were performed at room temperature using a RF-5301PC (Shimadzu) spectrofluorometer. UV-visible absorption spectra were obtained using UV-3100 spectrometer. Size distributions of the nanocapsules were measured by a laser-scattering particle size distribution analyzer (ZETASIZER 3000HSA).
